INTRODUCTION
Since the 20th century, marine gravimeters are widely used in the fields such as the offshore oil and gas exploration, the marine geothermal resources survey, gravity passive navigation, etc.
Many countries in the world have developed various marine gravimeters that are used for measuring the marine gravity changes. For example, S-marine gravimeter is developed by
American LaCoste & Romberg Company and BGM-3 gravimeter is developed by American Bell
Company. Many kinds of the metal zeros-length spring, the quartz zeros-length spring and the inertial accelerometer are adopted for the gravitational sensors of marine gravimeter. In the development of the high precision marine gravimeter, the high precision quartz flexural gravitational sensor has been adopted as the gravitational sensor in our research project. Because the signal de-noising of the quartz flexural gravitational sensor is one of the key technologies of the high precision marine gravimeter, the output signal processing of the quartz flexural gravitation sensor based on multiwavelet analysis is researched in the paper. . For every jZ the following subspace is defined:
Vector function Φ(t) is called a multiscaling function if the subspace V j , defined in the formula (1), satisfies the following properties:
(1)
and saying that the multiwavelet generates a r multiplicity multiresolution analysis of space L
(R).
Because the multiscaling function 01 () t V V    and the subspace V 1 is generated by
, the multiscaling function satisfies the two-scale equation:
where
is r×r dimension low-pass filter coefficient matrix.
If the scaling function set
is a Riesz basis of subspace V j , the multiscaling function Φ(t) can be denoted: 
, (2 ) ( , , , ) 
After transforming the formula (9) we can obtain:
(10) Without loss of generality, formula (10) can be extended:
, and w 0,k be r×1 dimension vector. It can be obtained from formula (7) that
Without loss of generality, formula (13) can be extended: (11) and (14) are the decomposition formulas of Mallat fast algorithm. For the orthogonal multiscaling function and multiwavelet function, { 2 (2
is a orthogonal basis of V 0 , and { 2 (2
is a orthogonal basis of W 0 . So 
Without loss of generality, the above can be extended:
Formula (17) is the reconstruction formulas of Mallat fast algorithm.
d. Multiwavelet prefiltering As the above shows that the multiwavelet is a multiple input multiple output system. Before transforming with multiwavelet, the 1-D signal have to be prefiltered to obtain the multidimensional vector signal, and after reconstructing with multiwavelet, the multidimensional vector signal should be postfiltered for obtaining the 1-D signal [5, 6] . The commonly used pretreatment methods are oversampled method and critically-sampled method. The oversampled method gets second input row by repeating the first one to obtain the initial vector. In the paper critically-sampled method is taken.
Assume P is prefilter and Q is postfilter, P and Q satisfy PQ＝I. We can obtain the initial vector by filtering   
where M is the number of prefilter coefficients.
III. GENERALIZED CROSS VALIDATION
Assume that there is a discrete signal ( 1, 2, , )
or the above formula can be denoted yf  (20) ( 1, 2, , )
After de-noising signal y with wavelet, mean square error (abbreviated MSE) is used to evaluating de-noising effect of wavelet [7, 8] . Mean square error defined in the wavelet fields is shown in the following formula
where λ is threshold, y λ,t is de-noised signal, ft is real signal. We can know from formula (21) that MSE(λ) measures the de-noising effect of wavelet based on threshold λ in the wavelet field.
Threshold λ approximates the optimal threshold more, the de-noised signal y λ,t will approximate the real signal f t , so the MSE will be smaller and the de-noising effect will be better. But in the actual project, the real signal is unknown; we are unable to get the MSE, and analyze de-noising effect of different wavelets with formula (13).
Generalized Cross Validation (abbreviated GCV) is a threshold function, which only bases on sample signal. Its minimum value is an asymptotically optimal threshold. In the field of wavelet, Generalized Cross Validation is defined as 
where y is sample signal, w is coefficient of multiwavelet transformation, w λ is thresholded coefficient, C is the number that is set to zero in the process of thresholding with soft thresholding function.
Based on soft thresholding: 
In the paper, we take use of the universal threshold [13] , which is proposed by Donoho et al and bases on the noise level
where σ is the standard deviation of noise, and its estimation formula is   coefficients. Lastly, we inverse transform the threshed coefficients to get the de-noised signal.
Please refer to the appendix for five multiwavelets filters coefficients and coefficients of prefilter and postfilter. The GCV values of five multiwavelets are show in Table 1 and the de-noising effects are show in Figure 3 . The following conclusion can be obtained from the Table 1 . The difference between GCV value of SA4 orthogonal multiwavelet and Cardbal2 balanced multiwavelet is small, so their de-noising effects are close. The GCV value of GHM orthogonal multiwavelet is slightly less than the former two, so that its de-noising effect is slightly better than former two. The GCV value of CL orthogonal multiwavelet is much less than the GCV values of GHM orthogonal multiwavelet, SA4 orthogonal multiwavelet and Carbal2 balanced multiwavelet, so its de-noising effect is much better than the latter three. The GCV value of BIGHM biorthogonal multiwavelet is two orders of magnitude less than the GCV value of CL orthogonal multiwavelet, so the de-noising effect of BIGHM biorthogonal multiwavelet is far better CL orthogonal multiwavelet, and it has the best de-noising effect in the five multiwavelets.
V. CONCLUSION
In the paper basis content of multiwavelet theory and generalized cross-validation criteria used to 
